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VIDEO SIGNAL ENCODING METHOD AND
APPARATUS EMPLOYING AN ADAPTIVE
QUANTIZATION TECHNIQUE

FIELD OF THE INVENTION

The present invention relates to a video signal encoding
method and apparatus; and, more particularly, to a method
and apparatus for adaptively encoding a video signal based
on estimated bit distribution information by subjecting the
video signal in two (i.e., first and second) encoding paths,
wherein the first coding path provides the bit distribution
information to be used 1n adjusting a quantization process in
the second coding path.

DESCRIPTION OF THE PRIOR ART

There has been proposed an encoding method and appa-
ratus for quantizing and variable length coding an input
video signal 1n a first and a second paths based on, e.g.,
MPEG(motion picture expert group) standard, wherein the
first path obtains bit distribution information required 1n the
coding process carried out 1 a second path, the bit distri-
bution information being obtained for each of the pictures
constituting a video sequence and each of equal-sized blocks
of, e.g., 16x16 pixels included in each picture(see, e.g.,

Japanese Patent Laid-Open Publication No. 7-284097).

In conventional video signal encoding techniques such as
MPEG, the amount of encoded data increases with the
complexity of a video signal and motion compensation
errors 1f the video signal 1s variable length coded, especially
after having been quantized with a fixed quantization
parameter(Qp) or quantization step size(Qs). By taking
advantage of such feature, the prior art encoding schemes
examine the distribution of the encoded data or bit distri-
bution information at the first path by using the fixed Qp;
and, based thereon, allocate at the second path available bits
determined within the budget of a target bit rate among
pictures and blocks 1n order to provide uniform and high
quality pictures. By allocating bits based on the distribution
data among pictures, 1t 1s possible to provide a temporally
uniform 1mage quality. In a similar fashion, spatially uni-
form pictures can be obtained by allocating bits among the
blocks 1n each picture.

The Qp at the first path 1s set to be smaller than those at
the second path so that the amount of data generated at the
first path 1s controlled to be greater than the one generated
at the second path. Through the use of the Qp of a smaller
magnitude at the first path, high frequency components of
the video signal can be detected more thoroughly and the
characteristics of the video signal can be examined more
precisely, which 1s necessary for an efficient bit allocation at
the second path.

In a typical prior art scheme, the bit allocation at the
second path 1s controlled according to the bit distribution
information from the first path and a predetermined target bit
rate utilizing roughly inverse-proportional relationship
between an amount of encoded data and Qp’s or Qs’s. In
other words, distribution ratios of encoded bits for the
pictures and the blocks at the second path are controlled to
maintain approximately same ratios for those at the first path
while maintaining the target bit rate. The control of the
amount of encoded data generated at the second path 1s
carried out by altering Qp’s.

However, the amount of certain encoded data remains
unchanged even though the Qp 1s changed. Those are
supplementary or quantization-independent encoded data
such as header information and motion vectors in MPEG,
which are variable length coded without being quantized.
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The amount of such supplementary data depends on the
size of a picture. For 1nstance, 2050 Kbits of supplementary
data are generated on the average for a picture of 720x480
pixels encoded according to a MPEG 2 scheme.

In FIGS. 7A and 7B, the amounts of data generated for
cach picture by the first and second paths are illustrated,
respectively, wherein each bar represents the total amount of
data generated for a picture and a shaded portion thereof
indicates the amount of supplementary or quantization-
independent data for a picture.

The ratios of the amount of quantization-independent data
to the total amount of data can be different between pictures
depending on the actual distribution of bits allocated thereto.
For a transmission rate of 6 Mbps, the amount of
quantization-independent data occupies about 20% of the
total amount of data generated by the first path, as shown in
FIG. 7A. Since, however, the second path encodes the video
signal with a lower average transmission rate than the first
path, the occupation ratio of the quantization-independent
data at the second path becomes greater. For instance, the
amount of quantization-independent data occupies about
30% of the total amount of data generated by the second path
of a target bit rate of 4 Mbps, as shown in FIG. 7B.

Referring to FIGS. 8A and 8B, there are illustrated the
amounts of encoded data generated for each block by the
first and the second paths, respectively, wherein each bar
represents the total amount of data generated for a block and
a shaded portion thereof indicates the amount of
quantization-independent data for a block. Similarly, at the
first path, the occupation ratio of the supplementary data is
orecater than 50% of the total amount of data 1n certain
blocks, as shown 1n FIG. 8A; and since the average trans-
mission rate in the second path 1s controlled lower than that
of the first path, the amount of supplementary data occupies
in some blocks more than 70% of the total amount of data
generated by the second path, as shown 1n FIG. 8B.

Since, however, 1n the conventional bit allocation scheme
described above, the bit allocation 1s performed based on the
bit distribution information determined by the total amount
of encoded data including the quantization-dependent and
independent data, the resultant bit allocation does not reflect
the 1nverse proportionality of the Qp and the amount of the
quantization-dependent data, resulting in a local shortage of
the allocated bits at certain pictures or blocks, which may
cause degradation of the 1mage quality.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to
provide a method and apparatus capable of improving the
image quality by allocating bits without suffering the local
shortage of allocated biats.

In accordance with one aspect of the present invention,
there 1s provided a method for encoding an input video
signal, the method comprising the steps of : processing the
input video signal 1n a predetermined manner to thereby
provide a processed signal, the processed signal including a
quantization-dependent signal and a quantization-
independent signal; quantizing the quantization-dependent
signal based on a fixed Qp to thereby provide first quantized
data; variable length coding the first quantized data and the
quantization-independent signal to thereby provide first data
and second data, respectively; storing the amount of the first
data and the amount of the second data; determining a target
amount of encoded bits for each unit of the video signal
based on a predetermined target bit rate and the amounts of
the first and the second data; quantizing the quantization-
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dependent signal based on one or more Qp’s determined
based on the target amount of encoded bits to thereby
provide second quantized data; variable length coding the
second quantized data and the quantization-independent
signal to thereby provide encoded data, wherein the Qp’s for
the second quantized data are adjusted according to the
difference between the target amount of encode bits and the
amount of the encoded data.

A unit of the video signal for which the target amount of
encoded bits 1s determined can be a picture and/or a block.

In accordance with another aspect and a preferred
embodiment of the invention, there i1s provided a video
signal encoding apparatus which comprises a {irst encoder,
a storage, a delay, and a second encoder.

The first encoder includes a first signal processor for
processing an input video signal 1n a predetermined manner
to generate a processed video signal which includes a
quantization-independent signal and a quantization-
dependent signal, a first quantizer, a first variable length
coding(VLC) circuit, and a first counter. The first quantizer
quantizes the quantization-dependent signal based on a fixed
Qp to thereby provide first quantized data. The first VLC
circuit, then, provides first and second data by encoding,
through the use of the VLC techmique, the first quantized
data and the quanftization-independent signal, respectively.
At the first counter, the amounts of the first and the second
data are counted separately. The amount of the first data 1s
dependent upon the magnitude of the Qp, while the amount
of the second data 1s independent thereof.

The storage stores the respective amounts of the first and
the second data; and the delay delays the mput video signal
for synchronization. In other words, the 1nput video signal 1s
delayed by the delay until the amounts of the first and the
second data are stored in the storage, and is applied to the
second encoder thereafter.

The second encoder includes a second signal processor, a
target bits determination circuit, a bit controller, a second
quantizer, a second VLC circuit, and a second counter. The
second processor processes the delayed input video signal 1n
the same manner as in the first processor to generate the
processed video signal. The target bits determination circuit
determines a target amount of encoded bits for each unit of
the video signal based on a predetermined target bit rate and
the respective amounts of the first and the second data. The
bit controller decides one or more new Qp’s for each unit
based on the target amount of encoded bits. The second
quantizer quantizes the quantization-dependent signal based
on the newly decided Qp’s to thereby provide second
quantized data. Subsequently, the second VLC circuit
encodes the second quantized data and the quantization-
independent signal to thereby generate third data and fourth
data, respectively. The second counter counts the respective
amounts of the third and the fourth data; and the bit
controller calculates the error between the target amount of
encoded bits and the sum of the amounts of third and fourth
data, thereby adaptively controlling Qs’s at the second
quantizer by adjusting Qp’s based on the error.

In accordance with the inventive method and apparatus
described above, the input video signal 1s quantized with the
fixed Qp and variable length coded at the first encoder. Then,
the variable length coded data 1s separately stored at the
storage by the amount of first data, which i1s dependent on
the Qp, and the amount of the second data, which 1is
independent of the Qp. Subsequently, at the second encoder,
the target amount of encoded bits 1s determined for each unit
of the video signal based on the stored amounts of first and
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second data. Since the Qp’s at the second encoder are
adjusted based on the error between the target amount of
encoded bits and the actual amount of variable length coded
data generated by the second encoder such that the actual
amount of encoded data gets closer to the target amount of
encoded bits, the target amount of encoded bits determined
by taking account of the quantization-independent second
data can be optimally allocated at the second path.

In accordance with another preferred embodiment of the
present invention, the video signal encoding apparatus 1s
implemented with a reduced number of components by
sharing the common parts, 1.¢., signal processors, quantizers,
VLC circuits, and bit counters of the first and the second
encoders of the first embodiment. In such an instance, the
apparatus of the second embodiment 1s constituted to have
a signal processor; a quantizer, a VLC circuit; a bit counter;
a storage; a target bits determination circuit for determining
the target amount of encoded bits for each unit of the video
signal based on the predetermined target bit rate and the
respective amounts of first and second data; a bit control
circuit for determining an initial Qp based on the target
amount of encoded bits and further finding the error between
the target amount of encoded bits and the actual amount of
variable length coded data to thereby adjustable control
Qp’s, which 1n turn adaptively alters Qs’s at the quantizer;
Qfix generation circuit for providing the fixed Qp; and a
switching circuit.

In the configuration of the second embodiment apparatus,
first the fixed Qp 1s applied to the quantizer by the switching
circuit, thereby enabling the mput video signal processed at
the signal processor to be quantized by Qs’s determined by
the fixed Qp; and the amount of the encoded data generated
1s counted and stored. Thereafter, the amount of the encoded
data stored 1s fed to the target bits determination circuit to
determine the target amount of encoded bits for each unait.
The target amount of encoded bits 1s then supplied to the bit
controller wherein the Qp’s are adaptively adjusted to con-
trol Qs’s at the quantizer.

BRIEF DESCRIPITION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given in conjunction with the
accompanying drawings, 1n which:

FIG. 1 shows a block diagram of a video signal encoding,
apparatus 1n accordance with the first preferred embodiment
of the present invention;

FIG. 2 presents a block diagram of a first encoder shown
mn FIG. 1;

FIG. 3 represents a block diagram of a bit counter shown
i FIG. 2;

FIG. 4 exemplifies a storing format of data taken by the
first encoder shown 1n FIG. 2;

FIG. 5 illustrates a block diagram of a second encoder
shown 1n FIG. 1;

FIG. 6 offers a block diagram of a video signal encoding
apparatus 1n accordance with the second preferred embodi-
ment of the present mnvention;

FIGS. 7A and 7B provide exemplary relationship between
quantization-dependent data and quantization-independent
data of pictures before and after the bit allocation
therebetween, respectively; and

FIGS. 8A and 8B give exemplary relationship between
quantization-dependent and quantization-independent data
of blocks before and after the bit allocation therebetween,
respectively.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, there 15 1llustrated a block diagram of
a video signal encoding apparatus in accordance with the
first preferred embodiment of the present invention. The first
preferred embodiment and other embodiments of the present
invention described herein employs the MPEG encoding
method.

In the MPEG, a video sequence 1s divided into groups of
picture(GOP’s). As 1s well known, a picture may represent
cither a frame or a field of the video signal; and the term
“picture” 1s used 1n preference with the terms “frame” or
“field” 1n the art. A GOP 1s a set of pictures which are
contiguous 1n display order and 1s the smallest coding unit
that can be independently decoded within a sequence. The
GOP contains at least one intra-coded picture(I-picture) and
any numbers of predictive coded picture(P-pictures) and
bidirectionally predictive coded pictures(B-pictures). The
smallest encoding unit 1s a block of 8x8 pixels. In a 4:2:0
format, four adjacent luminance blocks and two chromi-
nance blocks each representing a different type of chromi-
nance signals corresponding to the four luminance blocks
form a macroblock, which 1s the smallest unit of the motion
estimation and compensation; and a number of macroblocks
make a picture or a slice. For further details of the MPEG,
refer to ISO-IEC11172-2 of International Organization for

Standardization(ISO) and ITU-TH. 262/ISO-IEC13818-2 of
International Telecommunications Union(I'TU).

Referring back to FIG. 1, an input digital video signal 1s
fed to a first encoder 1 constituting a first path and to a delay
buifer 3. At the first encoder 1, the video signal 1s quantized
with a fixed quantization parameter(Qp) and encoded by a
statistical coding technique. Subsequently, amounts of
quantization-dependent data and quantization-independent
data included 1n the encoded data for each predetermined
unit of the video signal are separately counted. The counted
amounts of quantization-dependent and quantization-
independent data are then supplied as bit distribution mfor-
mation from the first encoder 1 to a storage 2 and stored
therein.

The video signal 1s delayed by the delay buffer 3 for a
certain period, which corresponds to a processing time
needed for obtaining the bit distribution information and
storing same at the storage 2, and fed to a second encoder 4
constituting the second path.

At the second encoder 4, a target amount of encoded bits
for each picture 1s decided based on a target bit rate and the
bit distribution information from the storage 2 through the
use of an algorithm which will be described hereinafter and,
subsequently, a target amount of encoded bits for each of the
macroblocks included 1n each and every picture i1s deter-
mined based on the bit distribution and the target amount of
encoded bits for each picture. Thereafter, the video signal
from the delay buffer 3 1s quantized and variable length
coded by using quantization step sizes(Qs’s) determined by
the target amounts of encoded bits for the pictures and the
macroblocks.

In determining the target amount of encoded bits for a
picture, a gross target amount of encoded bits 1s computed
first for a predetermined set of pictures, e.g., GOP, in which
the picture 1s included, based on the target bit rate and a ratio
of the number of pictures in the set with respect to the
number of pictures 1in a unit time. The total amount of
quantization-independent data for the pictures in the set is
then subtracted from the gross target amount of encoded bits
to thereby provide a target amount of quantization-
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6

dependent encoded bits for the set. A target amount of
quantization-dependent encoded bits for the picture 1s cal-
culated based on the one for the set and a ratio of an amount
of quantization-dependent data for the picture which respect
to a total amount of quantization-dependent data for the set.
Finally the target amount of encoded bits for the picture is
obtained by summing the amount of quantization-dependent
data and the target amount of quantization-dependent
encoded bits for the picture.

Similarly, the target amount of encoded bits for a mac-
roblock 1n a picture 1s determined as follows. First, a target
amount of quantization-dependent encoded bits for the mac-
roblock 1s calculated based on the one for the picture and a
ratio of an amount of quantization-dependent data for the
macroblock to the one for the picture. A target amount of
encoded bits for the macroblock 1s then calculated by adding
the target amount of quantization-dependent encoded bits
and an amount of the quantization-independent data for the
macroblock.

As a consequence of determining target amounts of
encoded bits by taking account of the quantization-
independent supplementary data in accordance with the
present invention, bit allocation among the pictures and
macroblocks can be accomplished without suffering a local
shortage of bits.

The first preferred embodiment of the present invention 1s
described 1n more detail with reference to FIGS. 2 to 5.

Referring to FIG. 2, there are illustrated details of the first
encoder 1 shown 1 FIG. 1. A digitized 1image signal includ-
ing luminance and chrominance signals i1s reordered 1n an
encoding order based on types of pictures 1n a reordering
circuit(not shown). The reordered video signal is fed as an
mput digital video signal to a subtractor 10 and a motion
estimation and motion compensation(ME & MC) circuit 11.
At the subtractor 10, an error signal 1s generated by sub-
tracting a motion compensated signal provided from the ME
& MC circuit 11 from the mnput digital video signal. The
error signal 1s then provided to a transformer 12, wherein the
error signal 1s transformed on a block-by-block basis by
using, €.g., the discrete cosine transform(DCT) technique
and each block of the error signal 1s converted 1nto a set of
transform coeflicients including a DC coelficient represent-
ing an average pixel value of the block and a plurality of,
c.g., 63, AC coellicients representing high frequency com-
ponents of the pixels within the block. All the transtorm
coellicients are quantized 1n a subsequent encoding process,
and, therefore, they are quantization-dependent.

A quantizer(Q) 13 quantizes the transform coefficients
with a fixed Qp to thereby provide quantized coefficients to
an inverse quantizer(IQ) 14 and a statistical coder(VLC) 18.
As 1s well known, Qs’s determining magnitudes of the
quantized coellicients at the quantizer are calculated based
on a Qp and a quantization matrix; and, therefore, a unique
Qs 15 applied to an inter-block but the number of Qs’s for an
intra-block can be as much as 64.

Thereafter, since I-pictures and P-pictures act as reference
pictures in ME&MC, the quantized coeflicients correspond-
ing thereto are mverse-quantized and subsequently mverse-
transformed at the IQ 14 and an inverse transformer(IT) 185,
respectively. An adder 16 adds the motion compensated
signal from the ME & MC circuit 11 and the inverse
transformed coeflicients from the IT 15, thereby providing a
reconstructed video signal, which 1s identical to the one
decoded 1n a recerving end. The reconstructed video signal
1s then stored at a picture memory 17. It should be noted that
the motion compensated signal corresponding to an I-picture
or an 1ntra-block 1s of a zero value.
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At the ME & MC circuit 11, a motion estimation and
compensation for the input digital video signal of the I- or
B-picture 1s carried out, e.g., on a macroblock-by-
macroblock basis with reference to reconstructed reference
signals in the picture memory 17 through the use of a
conventional motion estimation and compensation tech-
nique. Outputs of the ME & MC circuit 11 for each
macroblock of the input digital video signal are a motion
compensated signal to the subtractor 10 and the adder 16 and
motion vector information and a prediction mode signal to
the statistical coder 18. The motion vector information may
include two motion vectors for a macroblock of the
B-picture and the prediction mode signal represents mfor-
mation indicating whether the macroblock 1s mtra-coded or
inter-coded. The prediction mode signal may further include
information whether the macroblock 1s forwardly or back-
wardly motion estimated in case only one motion vector 1s
obtained for the macro-block of the B-picture. These supple-
mentary data including the motion vector imnformation and
the prediction mode signal are not quantized, and,
accordingly, the amount of encoded bits thereof 1s
quantization-independent.

The statistical coder 18 encodes the sequentially imputted
quantized coetlicients from the quantizer 13 and the motion
vector information and the prediction mode signal from the
ME & MC circuit 11 based on, e.g., the conventional
variable length coding technique, wherein a shorter code-
word 1s assigned to mput data of more frequent occurrences.

The functions and features of the components 10 to 18
described above with reference to FIG. 2 are well known 1n
the art and described 1in more detail in MPEG supra, except-
ing that quantization of the transform coeflicients at the
quantizer 13 1s carried out based on the fixed Qp. Further, in
accordance with the mvention, the statistical coder 18 pro-
vides a bit counter 20 with quantization-dependent data, 1.¢.,
statistically coded transform coefficients, and supplementary
quantization-independent data including statistically coded
motion vector information, prediction mode signal and other
control bits such as start codes, sequence header, etc. Among
the output from the statistical coder 18, such statistically
coded data related to a macroblock as statistically coded
fransform coeflicients, motion vector information, predic-
tion mode signal and control bits for the macroblock includ-
ing coded-block-pattern, etc 1s transmitted to the bit counter
20 on a macroblock-by-macroblock basis.

Referring to FIG. 3, there 1s 1llustrated a detailed block
diagram of the bit counter 20 which includes a switch 21, a
quantization(Q)-dependent data counting circuit 22 and a
quantization(Q)-independent data counting circuit 23. The
switch 21 1dentifies the quantization-dependent data and the
quantization-independent data among the iput thereto and
provides the former and the latter to the Q-dependent data
counting circuit 22 and the Q-independent data counting
circuit 23, respectively. At the counting circuit 22 and 23,
amounts of the respective inputs thereto are counted.

The respective amounts of quantization-dependent and
quantization-independent data obtained by the bit counter 20
are fed to the storage 2 shown 1n FIG. 1 and stored therein
as bit distribution information. The storage 2 may be imple-
mented by a hard dick or any other high speed storage
medium.

The amount of data generated for each macroblock can be
stored as 1t 1s or divided by a predetermined number, ¢.g.,
256, to lower the precision before being stored. Still further,
assuming that the amount of data generated for the whole
picture is represented by 2%, the amount of data generated
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for each macroblock can be normalized with 2V for being
stored, N being a positive number. Normalization gives rise
to certain advantages 1n calculating ratios for a given target
amount of bits at the second encoder 4 shown 1n FIG. 1
because denominators can be bit shift operated.

In the preferred embodiment given herein, 27 is assumed
to be 2%, which is 2048.

The amount of data generated for each macroblock i1s
represented 1n 5 bits, that 1s, with values O to 31. Since the
information needed 1s a sum of the amounts of data gener-
ated for macroblocks, added sequentially 1n an encoding,
order, 1f the amount of data generated for a macroblock 1s
oreater than 31/2048, the maximum value 31 1s stored for
that macroblock and the remainder 1s added to the amount of
data generated for a next macroblock thereof. The amount of

data generated for each macroblock 1s stored separately by
the amount of quantization-dependent data and the
quantization-independent data.

Similarly, the amount of code generated for each picture
can be store as 1t 1s, without alteration, or divided by a
predetermined number, e.g., 2°(=256), to lower the precision
before being stored. In such an instant, assuming that the
maximum total amount of data generated for a picture 1s 1
Mb requiring 20 bit for storage, only 12 bits are needed for
storing the amount of data with a lower accuracy by 8 bats.
Similarly as in the case of macroblocks, the amounts of
quantization-dependent and quantization-independent data
for each picture are stored separately.

When the stored data for each picture i1s the normalized
data, the amount of data generated for each picture has to be
stored as well. In other instances, the amount of data for a
picture need not be stored, since same can be computed by
summing the amounts of data for the blocks within the
picture.

Referring to FIG. 4, the storage format of the amount of
data generated 1s 1llustrated. First, the amount of
quantization-dependent data(“PIC-ACDC”) and the amount
of quantization-independent data(“PIC-ETC) for each pic-
ture are stored 1n 12 bits, respectively. Stored thereafter 1n 5

bits each are the amount of quantization-dependent data
(“BLOCK __ACDC”) and the amount of quantization-

independent data(“BLOCK __ETC”) for each of the, e.g.,
1350, blocks included 1n the picture.

Referring to FIG. §, there 1s 1llustrated a detailed block
diagram of the second encoder 4 shown in FIG. 1. The
functions and features of a subtractor 30, a motion estima-
tion and compensation(ME & MC) circuit 31, a transformer
32, a quantizer(Q) 33, an inverse-quantizer(IQ) 34, an
inverse transformer(IT) 35, an adder 36, a picture memory
37, a statistical coder 38 included 1n the second encoder 4 are
identical to those of their counterparts of the first encoder 1
shown 1n FIG. 2; and, accordingly, details thereof will not be
described for the sake of simplicity.

In accordance with the present invention, the second
encoder 4 further includes a target bits determination circuits
40 for determining a target amount of encoded bits for each
of the pictures and the macroblocks based on the target bit
rate and the bit distribution information stored at the storage
2 shown 1n FIG. 1; a bit counter 41 for counting the amount
of statistically coded data from the statistical coder 38; a
quantizer(Q) 33; and a transmission buffer 39. The bit
control circuit 42 calculates the error between a target
amount of encoded bits and an amount of encoded data from
the bit counter 41 for each of the pictures and the macrob-
locks and adjusts based thereon the Qp’s to alter Qs’s at the
quantizer 33, thereby controlling the amount of encoded bits
generated according to the target amount of encoded bits.
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An algorithm of the preferred embodiment for determin-
ing target amounts of bits at the target bits determination
block 40 will be described herematter. The bit distribution
information generated by the first encoder 1 based on the
fixed Qp, Qfix, 1s stored at the storage 2 shown 1n FIG. 1 1n
the forms of PIC_ACDC, PIC_ETC, BLOCK_ACDC and
BLOCK__ETC. The Qfix 1s preferably set to be a minimum
Qp, 1.€., “17, which 1s not greater than any possible Qp’s to
be used at the second encoder 1n order to accurately estimate
the complexity of the video signal and motion compensation
eITOrS.

In order to determine a target amount of encoded bits for
a picture, a target amount of encoded bits for each prede-
termined set of pictures, e.g., a GOP, 1s determined first. The
target amount for each set can be computed based on the
target bit rate and a ratio between the number of pictures in
a set and a picture rate of the video signal.

The target amount of encoded bits for a set of plctures
TARGET__BUDGET, 1s distributed among the pictures in
the set based on the bit distribution information for the
pictures. Among the bit distribution information for the set,
PIC__ETC’s are quantization-independent. Therefore, a tar-
oget amount of quantization-dependent encoded bits for the

set, ACDC__TARGET__BUDGET, 1s determined by:

ACDC_TARGET_BUDGET=TARGET _BUDGET-PETC(iEq. 1

wherein PECT(i) represents a value of PIC__ETC for an i-th

picture 1n the set, 1 being 1 to I with I being the number of
pictures 1n the set.
The ACDC_TARGET_BUDGET 1s then allocated for

cach picture 1n the set based on the ratio of a value of
PIC__ACDC for a picture to those for the set, defined as:

PIC_ACDC_TARGET_BUDGET(i)(j)=ACDC_ TARGET_
BUDGET(i)xPACDC(j)/SPACDC(i) Eq. 2

wherein PIC__ACDC__TARGET(i) represents a target
amount of quantization-dependent encoded bits for an 1-th
picture and PACDC(i) denotes a value of PIC__ACDC for
the 1-th picture.

Finally, a target amount of encoded bits for a picture can
be obtained by adding an amount of quantization-
independent data and the target amount of quantization-
dependent encoded baits, defined as:

PIC_TARGET_BUDGET({)=PIC__ACDC_ TARGET__BUD-
GET(i)+PETC(i) Eq. 3

wherein the PIC_ TARGET BUDGET(1) represents a tar-

oget amount of encoded bits for an 1-th picture.

Similarly, the target amount of quantization-dependent
encoded bits for the 1-th picture, PIC__ ACDC_TARGET _
BUDGET(1), is distributed for each macroblock within the
picture according to a ratio of a value of BLOCK__ACDC
for each block as follows:

BLOCK__ACDC_ TARGET_ BUDGET()(j)=PIC_ACDC_ TAR-
GET_ BUDGET(i)xBACDC(j)/2048 Eq. 4

wherein BLOCK_ACDC_TARGET _BUDGET()(j) rep-

resents a target amount of quantization-dependent encoded
bits for a j-th macroblock of the 1-th picture and the
BACDC(j) is a value of BLOCK-ACDC of the j-th block of
the 1-th picture, 1 being 1 to J with J being the number of the
blocks within the 1-th picture.

A target amount of quantization-independent encoded bits
for the j-th block of the 1-th picture, BLOCK_ ETC_ _
TARGET _BUDGET(1)(j), can be computed by:
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BLOCK__ETC_TARGET__BUDGET(i)(j)=PETC(i)xBETC(j)/
2048 Eq. 5

wherein BETC(j) is value of BLOCK-ETC of the j-th block
in the 1-th picture.

Finally, a target amount of encoded bits for the j-th block
in the 1-th picture can be calculated as:

BLOCK_TARGET_BUDGET(1)(j})=BLOCK__ACDC__TAR-
GET_BUDGET(1)(j)+BLOCK__ETC_TARGET_BUD-

GET()(j) Eq. 6.

A bit control algorithm carried out at the bit control circuit
42 shown 1n FIG. 5 1s as follows: In order to control an
amount of actually generated encoded data for the 1-th
picture according to the target amount of encoded bits, 1.¢.,
PIC_TARGET_ BUDGET(1), a Qp for a current macrob-
lock of the picture 1s determined by the feedback of an error
or a difference between a sum of amounts of encoded data
actually generated from previously encoded macroblocks
and a sum of target amounts of encoded bits thereof. A
different d(j) for the j-th macroblock of i-th picture is defined
as:

d(j)=d(0)+Bits(-1)-TGT(j-1) Eq. 7

wherein d(0) is an initial occupancy of a hypothetical buffer;
Bits(j—1), a sum of a amounts of encoded data actually
generated from the 1st to (j—1)th macroblocks of the picture;
and TGT(G-1), a sum of target amounts of encoded bits
BLOCK_ _TARGET BUDGET(1)(j) for the 1st to (j—1)th
blocks 1n the 1-th picture.

For the first macroblocks in a picture, Bits(j—1) and
TGT(j-1) are set to zeros, respectively, and, therefore, d(1)
equals to d(0).

A Qp for the j-th macroblock, Q(j), is defined as:

Q()=d(j)x31/r Eq. 8

wherein r 1s a parameter determining a response speed of the
feedback.

The parameter r 1s proportional to a bit rate/picture rate;
and 1s defined as:

r=2xBit__rate/picture__rate Eqg. 9

wherein Bit_ rate 1s the target number of encoded data per
second, 1.€., target bit rate and the picture_ rate 1s the number
of 1nput pictures per second.

An initial Qp, Q(0), determining the initial occupancy of
the hypothetical buffer d(0) is computed based on the inverse
proportionality between a Qp and an amount of data gen-

erated. Q(0) can be defined as:

0(0)=Qfixx PACDC/PIC__ACDC_TARGET BUDGET(i) Egq. 10
and d(0) 1s defined as:
d(0)=0Q(0)xr/31 Fq. 11

wherein the meanings of Qfix, PACDC, PIC_ACDC__
TARGET _BUDGET(i) are same as above.

A Qp determined for each macroblock in a manner
described above 1s fed to the quantizer 33, which quantizes
transform coellicients for each macroblock from the trans-
former 32 based on quantization step size(s) determined by
the Qp. The quantized coeflicients are fed to the 1Q 34 and
the statistical coder 38. At the statistical coder 38, the
quantized coellicients and the outputs from the ME & MC
circuit 31 are encoded, e.g., by using the VLC technique.
The encoded data from the statistical coder 38 1s provided to
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the bit counter 41 and the transmission buffer 39, wherein
the encoded data of an 1rregular bit rate 1s temporally stored
therein and transmitted as the encoded video signal at a
constant bit rate to a transmitter(not shown) for the trans-
mission thereof.

Referring to FIG. 6, there 15 1llustrated a block diagram of
a video signal encoding apparatus 6 1n accordance with the
second embodiment of the invention. The second embodi-
ment apparatus 6 1s implemented by sharing the common
parts of the first encoder 1 shown in FIG. 2 and the second
encoder 4 shown i FIG. 5 of the first embodiment. The
shared parts correspond to the components 1dentified by the
numerals 50 to 38 and 62 of the apparatus 6 shown 1n FIG.
6, and, therefore, details thereof would not be repeated for
the sake of simplicity.

Also, a transmission buifer 59, a target bits determination
circuit 67, and a bit control circuit 68 of the apparatus 6 are
identical to those mncluded m the second encoder 4 shown 1n
FIG. 5; and a storage 69 functions in a similar manner as in
the case of the storage 2 of the first embodiment. The
apparatus 6 further includes a path control circuit 60,
switches 63 to 65, a Qfix generation circuit 61 and a data
memory 66. The path control circuit 60 1ssues a switching
control signal to the switches 63 to 65. By switching each of
the switches 63 to 65 to terminal a or b thereof with the aid
of the switching control signal, the apparatus 6 functions 1n
an 1dentical fashion as in the first encoder 1 or the second
encoder 4 of the first embodiment apparatus, respectively.

The Qfix generation circuit 61 provides the predetermined
fixed Qp, Qfix, to the quantizer 53 via the switch 65. The
data memory 66, which has a larger capacity than the storage
69, retrieves from the storage 69 and stores therein the stored
data at the storage 69.

In order to encode the input digital video signal in
accordance with the second embodiment of the invention,
first, the path control circuit 60 issues a first switching
control signal to the respective switches 63 to 65. In
response thereto, each of the switches 63 to 65 1s switched
to the terminal a thereof, the terminal a of the switch 64
being a null or open terminal, thereby enabling an output
terminal of the bit counter 62 to couple to the storage 69 via
a switch 63 and transform coefficients to be quantized at the
quantizer 53 by the Qs’s determined based on the Qfix fed
from the Qfix generation circuit 61 via the switch 635.

The mput video signal 1s encoded 1n an 1dentical fashion
as 1n the first encoder 1 described with respect to FIG. 2; and
the quantization-dependent encoded transform coeflicient
data and the quantization-independent data such as the
motion vector(s) and the prediction-mode signal are pro-
vided on a macroblock-by-macroblock from the statistical
coder 88 to the bit counter 62.

At the bit counter 62, the amounts of the respective
quantization-dependent and quantization-independent data
are counted and provided to the storage 69 and stored therein
as the bit distribution information. The bit distribution
information stored at the storage 69 1s then stored at the data
memory 66. During the bit distribution information acqui-
sition process, the encoded data obtained by the statistical
coder 38 1s not supplied to the transmission buifer 59.

Upon completing the acquisition of the bit distribution
information for the predetermined set of pictures, a bit
allocation precess 1s 1nitiated by generating a second switch-
ing signal from the path control circuit 60. In response to the
second switching signal, each of the switches 63 to 635,
changes 1ts connection terminal from a to b. By the switch-
ing operation, the bit counter 62, the bit control circuit 68
and the storage 69 are coupled to the bit control circuit 68,
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the quantizer 53 and the target bits determination circuit 67,
respectively, rendering the configuration of the apparatus 6
to be 1dentical to that of the second encoder 4 shown 1n FIG.
5, and enabling the adaptive quanftization process to be
carried our at the quantizer 53 based on the Qp’s determined
by the bit control circuit 68.

In the course of encoding the video signal by the adaptive
quantization process, inputted to the apparatus 6 1s an
identical input digital video signal to the one used during the
bit distribution information acquisition process. The input
digital video signal can be provided from a storage medium
(not shown) such as an input buffer or a magnetic tape
installed in a VIR(video tape recorder). For instance, if the
tape 1s used as the storage medium, the tape 1s rewound by
the VCR upon the completion of the bit distributive mfor-
mation acquisition process and the identical mput digital
video signal 1s provided to the apparatus 6 by the playback
thereof.

Thereafter, the encoding process 1s carried out in an
identical manner as in the second encoder 4 described with
respect to FIG. 3.

While the present invention has been described with
respect to the preferred embodiments, other modifications
and variations my be made without departing from the scope
and spirit of the present invention as set forth i1n the
following claims.

What 1s claimed 1s:

1. A method for encoding a video signal including a
quantization-dependent signal and a quantization-
independent signal, comprising the steps of:

(a) quantizing the quantization-dependent signal base on
a ixed quantization parameter to thereby generate first
quantized data;

(b) statistically coding the first quantized data and the
quantization-independent signal to thereby provide first
data and second data, respectively;

(c) storing the amount of the first data and the amount of
the second data;

(d) determining a target amount of encoded bits for each
of predetermined units of the video signal based on a
predetermined target bit rate and the stored amounts of
the first and the second data;

(¢) deciding one or more quantization parameters for each
unit based on the target amount of encoded bits;

(f) quantizing the quantization-dependent data based on
the decided quantization parameters to thereby gener-
ate second quantized data; and

(g) statistically coding the second quantized data and the
quantization-independent signal to thereby generate
third data and fourth data, respectively, as the encoded
data of the video signal,

wherein the quantization parameters are adaptively decided
in response to the difference between the target amount of
encoded bits and the amount of the encoded data.

2. The method according to claim 1, wherein each unit
corresponds to a picture of the video signal.

3. The method according to claim 1, wherein each unit
corresponds to a macroblock of the video signal.

4. The method according to claim 1, wherein the target
amount of encoded bits 1s determined for each picture and
macroblock of the video signal.

5. The method according to claim 1, wherein said deter-
mining step (d) includes the steps of:

(d1) computing a target amount of encoded bits for a
predetermined set of pictures based on the target bit
rate, the number of pictures 1n the set, and a picture-rate
of the video signal;
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(d2) detecting a target amount of quantization-dependent
encoded bits for the set by subtracting the amount of the
second data corresponding to the set from the target
amount of encoded bits for the set;

(d3) finding a ratio of an amount of the first data corre-
sponding to each picture 1n the set with respect to an
amount of the first data corresponding to the set;

(d4) multiplying the target amount of quantization-
dependent encoded bits for the set by the ratio found 1n
step (d3) to thereby obtain a target amount of
quantization-dependent encoded bits for each picture;
and

(d5) determining a target amount of encoded bits for each
picture by adding the target amount of the quantization-
dependent encoded bits obtained in step (d4) and an
amount of the second data corresponding to each
picture.

6. The method according to claim §, wherein said deter-

mining step (d) further includes the steps of:

(d6) calculating a ratio of an amount of the first data
corresponding to each macroblock 1n a picture with
respect to an amount of the first data for the picture;

(d7) multiplying a target amount of quantization-
dependent encoded bits for the picture obtained 1n step
(d4) by the ratio calculated in step (d6) to thereby
provide a target amount of quantization-dependent
encoded bits for each macroblock; and

(d8) determining a target amount of encoded bits for each
macroblock by adding the target amount of
quantization-dependent encoded bits provided 1n step

(d7) and an amount of second data for each macrob-
lock.

7. The method according to claim 5, wherein the amount
of second data corresponding to each picture 1s calculated by
summing respective amounts of second data for macrob-
locks 1ncluded 1n each picture and the amount of first data
corresponding to each picture 1s generated by summing
respective amounts of first data for the macroblock in each
picture.

8. An apparatus for encoding a video signal including a
quantization-dependent signal and a quantization-
independent signal, comprising:

first encoding means having:
a lirst quantization means for quantizing the

quantization-dependent signal based on a fixed quan-
tization parameter to thereby generate first quantized
data,

a first statistical coder for coding the first quantized
data and the quantization-independent signal to
thereby provide first data and second data,
respectively, and

a first counting means for finding the amount of the first
data and the amount of the second data;

means for storing the respective amounts of the first and
the second data; and

a second encoding means having:

means for determining a target amount of encoded baits
for each of predetermined units of the video signal,

means for dertving one or more quantization parameter
for each unit based on the target amount of encoded
bits,

a second quantization means for quantizing the
quantization-dependent signal based on the decided
quantization parameters to thereby generate second
quantized data,

a second statistical coder for coding the second quan-
tized data and the quantization-independent signal to
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thereby generate third data and fourth data,

respectively, as encoded data of the video signal, and
a second counting means for determining the amount of

the third data and the amount of the fourth data.

9. The apparatus according to claim 8, wherein said
quantization parameter deriving means includes;

means for detecting the difference between the target
amount of encoded bits and an amount of encoded data;
and

means for adaptively adjusting the quantization param-

cters 1n response to the difference.

10. The apparatus according to claim 8, wherein each unit
corresponds to a picture of the video signal.

11. The apparatus according to claim 8, wherein each unit
corresponds to a macroblock of the video signal.

12. The apparatus according to claim 8, wherein the target
amount of encoded bits 1s determined for each picture and
macroblock of the video signal.

13. The apparatus according to claim 8, wherein the
amounts of the first and the second data are stored for each
picture and macroblock of the video signal.

14. The apparatus according to one of claims 8, further
comprising a delay means for delaying the video signal until
the amounts of the first and the second data are stored 1n the
storing means and applymg the video signal to the second
encoding means thereafter.

15. An apparatus for encoding a video signal which
includes a quantization-dependent signal and a quantization-
independent signal, comprising:

means for quantizing the quantization-dependent signal to

thereby provide first quantized data;

means for statistically coding the first quantized data and

the quantization-independent signal, thereby generat-
ing first data and second data, respectively;

a counting means for obtaining the amount of the first data
and the amount of the second data;

means for storing the amount of the first data and the
amount of the second data;

a target bits determination means for determining a target
amount of encoded bits for each of predetermined units
of video signal based on a target bit rate and the stored
amounts of the first and the second data;

a bit control means for deciding an initial quantization
parameter based on the target amount of encoded bits
and deciding further quantization parameters based on
a difference between the target amount of encoded baits
and the amount of the encoded data generated by the
statistically coding means to thereby generate decided
quantization parameters;

means for setting a fixed quantization parameter; and

controlling means for coupling the fixed quantization
parameter to the quantizing means and inputting the
amounts of first and second data to the storing means
and, thereafter, providing the stored amounts of first
and second data, the outputs of the counting means and
the decided quantization parameters to the target bits
determination means, the bit control means and the
quantizing means, respectively, thereby adaptively con-
trolling quantization step sizes at the quantizing means.
16. The apparatus according to claim 15, wherein each
unit 1s a picture of the video signal.
17. The apparatus according to claim 15, wherein each
unit 1s a macroblock of the video signal.
18. The apparatus according to claim 15, wherein the
target amount of encoded bits 1s determined for each picture

and macroblock of the video signal.




	Front Page
	Drawings
	Specification
	Claims

